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© Semiconductor integrated circuit having Interconnection with Improved design flexibility. 



© A semiconductor integrated circuit comprises a 
substrate (51) of a first semiconductor type doped 
by a first impurity element with a first impurity den- 
sity, the first semiconductor type being one of p- 
type and n-type semiconductors, a conductive layer 
j^(50) formed on a back surface of the substrate, a 
^ first layer (52) of a second semiconductor type dop- 
ed by a second impurity element different from the 
q first impurity element and formed on a front surface 
ID of the substrate, the second semiconductor type 
-^1 being the other of the p-type and n-type semicon- 
CQductors and the first layer having a second impurity 
COdensity lower than the first impurity density, a sec- 
Qond layer (53) of the first semiconductor type formed 
on the first layer for forming circuit elements therein, 
a first region (54) of the second semiconductor type 
extending from a top surface of the first layer and 
reaching a top surface of the second layer, and a 



LU 



second region (55) of the first semiconductor type 
extending from a top surface of the substrate and 
reaching the top surface of said second layer, the 
first layer and the second region forming a conduc- 
tive path for supplying a power source voltage to the 
circuit elements in the second layer from the back 
surface of the substrate. 

FIG. 4 
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SEMICONDUCTOR INTEGRATED CIRCUIT HAVING INTERCONNECTION WITH IMPROVED DESIGN FLEXI- 
BILITY 



BACKGROUND OF THE INVENTION 

The present invention generally relates to 
semiconductor integrated circuits, and more par- 
ticularly to a bipolar semiconductor integrated cir- 
cuit. 

The integration density of semiconductor in- 
tegrated circuits is rapidly increasing due to the 
progress of various lithography and related tech- 
niques. Hence, the number of signal interconnec- 
tions within the integrated circuit is increasing, and 
a region for providing power source interconnec- 
tions for supplying power source voltages is in- 
creasing because of the increase in the power 
consumption of the integrated circuit. Especially in 
the case of a bipolar integrated circuit it is impos- 
sible to reduce the current consumption of each 
circuit below a predetermined value in order to 
maintain the high-speed operation of each circuit. 

In addition, the number of multi-level intercon- 
nections is! limited to approximately three because 
problems such as disconnection or inconsistent 
thickness of the interconnection are easily caused 
when four; or more levels of interconnections are 
stacked. Consequently, the chip size becomes 
large because of the need to increase the signal 
interconnections in each level and to widen the 
power source interconnections. Hence, there is a 
demand to prevent such an increase of the chip 
size. On the other hand, when the length of the 
signal interconnection is long, it is impossible to 
realize a high-speed circuit operation even when 
high-speed circuit elements are used. 

FIGS. 1 A and IB are a plan view and a cross 
sectional view respectively showing an example of 
a conventional semiconductor integrated circuit. In 
FIGS.1A and 1B, a semiconductor chip 12 is ac- 
commodated within a stage 11 of a package 10. 
Terminals 13 for signal input and output and termi- 
nals 14 for supplying power source voltages V cc 
and V ee are provided on the semiconductor chip 
12. and these terminals 13 and 14 are wire-bonded 
on package leads 15. 

A first power source interconnection (not 
shown) for the power source voltage V cc and a 
second power source interconnection 16 for the 
power source voltage V EE are provided on the 
semiconductor chip 12. The first and second power 
source interconnections respectively have stripe 
patterns which intersect each other in the plan 
view. For example, an emitter coupled logic (ECL) 
circuit is formed between the first and second 
power source interconnections. 

FIG.2 shows a cross sectional view of the 



semiconductor chip 12. As shown in F1G.2. the 
semiconductor chip 12 has a p~-type substrate 21 
provided with a metallized layer 20 on a back 
surface thereof. An n*-type buried layer 22. an n- 

s type epitaxial layer 23, a p'-type isolation layer 24, 
a p-type diffusion layer 25 which becomes a base, 
an n*-type diffusion layer 26 which becomes an 
emitter, an n*-type diffusion layer 27 which be* 
comes a collector, and a p-type diffusion layer 28 

/o which becomes a resistor, are provided on a front 
surface of the p~-type substrate 21 . In addition, the 
semiconductor chip 12 has insulator layers 29 and 
30 indicated by hatchings, a first interconnection 
31, and a second interconnection 32. For example, 

15 the second interconnection 32 corresponds to the 
second power source interconnection 16 for the 
power source voltage V EE shown in FIGS. 1 A and 
1B. 

When considering an integrated circuit with 

20 1000 gates where the current consumption is 1 mA 
per gate, for example, a current of 1 A flows in 
total. When the power source interconnection is an 
aluminum interconnection having a current density 
of 2 x 10 s A/cm 2 and a thickness of 1 micron, the 

25 power source interconnection needs a large width 
of 0.5 mm. In addition, there are problems in that a 
voltage drop caused by the large current flow is 
large in the power source interconnection having 
the stripe pattern and that the noise margin of the 

30 circuit is poor. 

Because of the need to reduce the capacitance 
between the collector and the substrate, that is. 
mainly the capacitance introduced between the n*- 
type buried layer 22 and the substrate 21. the 

35 substrate 21 has a low impurity density with a high 
resistivity in the range of 5 Qcm to 30 Qcm. Nor- 
mally, the substrate 21 has a thickness of 500 
microns, and for this reason, it is impossible to 
supply the power source voltage from the back 

40 surface of the substrate 21 when the voltage drop 
is taken into account. Thus, the first and second 
interconnections 31 and 32 are used to supply the 
power source voltages. 

Therefore, the conventional semiconductor in- 

45 tegrated circuit suffers problems in that the voltage 
drop is large due to the long power source inter- 
connections, and the freedom with which the signal 
interconnections may be designed is limited be- 
cause the signal interconnections must be posi- 

so tioned avoiding the power source interconnections. 
In other words, the design flexibility of the intercon- 
nection is poor in the conventional integrated cir- 
cuit. Furthermore, there is another problem in that 
the chip size becomes large because of the need 
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to provide a large number of terminals for the 
power source voltages on the semiconductor chip. 

In order to overcome the problem, the ap- 
plicant has proposed a semiconductor integrated 
circuit in the Japanese Laid-open Patent Applica- 
tion No.01 -73669 published on March 17, 1989 and 
corresponding to the United States Patent Applica- 
tion S.N.243,745 filed September 13. 1988, Eu- 
ropean i Patent Application No.8811 4886.0 filed 
September 12. 1988 and Korean Patent Application 
No.88-11860 filed September 14, 1988. of which 
construction is shown in FIG.3. 

Referring to FIG.3. the proposed device has a 
p*-type substrate 41 having a high impurity density 
with a resistivity of 0.1 Qcm or less. A metallized 
layer (conductive layer) 42 is provided on a back 
surface of the p*-type substrate 41. A p~-type 
epitaxial layer (first p-type layer) 43 having a high 
resistivity in the range of 1 Qcm to 30 Qcm is 
formed on a front surface of the p -type substrate 
41. A p-type layer (second p-type layer) or region 
44 having a low resistivity is selectively formed 
within the p~-type epitaxial layer 43. 

Similarly as in the case of the conventional 
semiconductor chip shown in FIG. 2 described be- 
fore, an n*-type buried layer 22a, an n-type epitax- 
ial layer 23a, a p*-type isolation layer or region 
24a. a p-type diffusion layer 25a which becomes a 
base, an n*-type diffusion layer 26a which be- 
comes an emitter, an n*-type diffusion layer 27a 
which becomes a collector contact, and a p-type 
diffusion layer 28a which becomes a resistor are 
provided on the front surface of the p -type sub- 
strate 41. In addition, the semiconductor chip has 
insulator layers 29a and 30a indicated by hatch- 
ings, a first interconnection 31a, and a second 
interconnection 32a. 

Hence, a conductor path is formed from the 
metallized layer 42 to the first and second intercon- 
nections 31a and 32a through the p*-type sub- 
strate 41 having the low resistivity, the p*-type 
layer 44 and the p*-type isolation layer 24a. The 
second interconnection 32a is connected to transis- 
tors and resistor elements formed on the substrate 
surface. 

According to the semiconductor integrated cir- 
cuit of this previous proposal, the length of the 
power source interconnection is shortened and the 
voltage drop can be decreased compared to the 
conventional semiconductor integrated circuit. In 
addition, the noise margin is improved and it is 
possible to realize a high-speed circuit operation. 
Moreover, because the conductor path for sup- 
plying the power source voltage is arranged verti- 
cally on the substrate, the signal interconnections 
can be designed with a large degree of freedom, 
thereby making it possible to prevent the chip size 
from increasing. 
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In this previous semiconductor integrated cir- 
cuit, however, there arises a problem in that the 
voltage applicable to the substrate 41 via the 
metallized layer 42 is limited to a low voltage. Note 

5 that there is formed a p-n junction in this structure 
as shadowed in FIG.3 between the region 24a and 
the layer 23a. and the current is leaked into the 
layer 23 and further to the layer 27a through the p- 
n junction when the voltage applied to the metal- 

10 lized layer 42 has exceeded the threshold voltage 
of the p-n junction. Such a forward biasing of the p- 
n junction can occur when the voltage at the epi- 
taxial layer 23a becomes lower than the voltage at 
the p*-type isolation layer 24a in response, for 

is example, to the collector voltage appearing in the 
region 27a. Thus, in order to avoid the undesirable 
forward biasing of the p-n junction, it is necessary 
to maintain the voltage at the layer 24a and hence 
the voltage applied to the metallized layer 42 as 

20 low as possible. As a matter of fact the voltage 
applicable to the metallized layer 42 is limited to 
the most negative voltage used in the integrated 
circuit. 

A similar problem occurs also in the case that 
25 the conductive type of the semiconductor layers in 
FIG.3 is reversed. In this case, the voltage ap- 
plicable to the metallized layer 42 is limited to the 
most positive voltage used in the integrated circuit. 
Hence, the integrated circuit of FIG.3 has a prob- 
30 lem in that the degree of freedom of circuit design 
is substantially limited. 



SUMMARY OF THE INVENTION 

35 

Accordingly, it is a general object of the 
present invention to provide a novel and useful 
semiconductor integrated circuit in which the fore- 
going problems are eliminated. 

40 Another and more specific object of the 

present invention is to provide a semiconductor 
integrated circuit comprising a substrate of a first 
conductive type, a first semiconductor layer of a 
second conductive type provided on the substrate. 

45 and a second semiconductor layer of the first con- 
ductive type provided on the first semiconductor 
layer and on which active device or devices are 
provided, wherein there is provided an isolation 
region having the second conductive type in the 

so second semiconductor layer and wherein a con- 
ductive; region of the first conductive type is pro- 
vided such that the conductive region extends from 
the substrate throughout the second and first semi- 
conductor layers until to the top surface of the 

55 second semiconductor layer. The isolation region is 
applied either with the highest positive voltage or 
lowest negative voltage such that the p-n junction 
formed between the isolation region and the sec- 

3 
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ond semiconductor layer surrounding the isolation 
region is maintained in the reversely biased state 
while the conductive region is used for supplying 
the electric current to the active device or devices 
at the surface of the second semiconductor layer. 
According to the semiconductor integrated circuit 
of the present invention, it is possible to apply 
various voltages to the active device or devices on 
the second semiconductor layer in contrast to the 
prior art device. Further,, the length of a power 
source interconnection is reduced and a voltage 
drop is effectively reduced thereby. In addition, it is 
possible to reduce the power source interconnec- 
tions on the surface of a semiconductor chip. As a 
result, signal interconnections may be designed 
with a large degree of freedom and it is possible to 
prevent the chip size from increasing. The biasing 
of the isolation region does not complicate the 
construction of the device as such a biasing does 
not require substantial current and the connection 
to the isolation region can be made by a thin 
conductor stripe. 

Other objects and further features of the 
present invention will be apparent from the follow- 
ing detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 A and IB are a plan view and a 
cross-sectionaJ view respectively showing an exam- 
ple of a conventional semiconductor integrated cir- 
cuit; 

FIG. 2 is a cross sectional view of a semicon- 
ductor chip shown in FIGS. 1 A and IB; 

FIG. 3 is a cross sectional view showing an- 
other semiconductor chip proposed previously by 
the applicant: 

FIG.4 is a schematical view showing the 
fundamental structure of the integrated circuit of 
the present invention; 

FIG. 5 is a cross-sectional view showing the 
structure of semiconductor integrated circuit ac- 
cording to a first embodiment of the present inven- 
tion; 

FIGS.6A and 6B are a plan view and a 
cross-sectional view respectively showing the first 
embodiment of the semiconductor integrated circuit 
according to the present invention; 

FIG.7 is a circuit diagram showing an ECL 
circuit within the semiconductor chip shown in 
FIGS.6A and 6B; 

FIG. 8 is a plan view with an enlarged scale 
showing interconnections for realizing the ECL cir- 
cuit shown in FIG.7; 

t FIGS. 9 A - 9H are cross-sectional views 
showing fabrication process of the integrated circuit 



,0382504A2J_> 



of FIG.5; 

FIG. 10 is a cross-sectional view showing a 
second embodiment of the integrated circuit of the 
present invention; and 
s FIGS.11A - 11E are cross-sectional views 

showing fabrication process of the integrated circuit 
of'FlG.10. 

DETAILED DESCRIPTION 

10 

First, the principle of the present invention will 
be described with reference to FIG.4 showing a 
schematical view of the essential part of the in- 
tegrated circuit of the present invention. For the 

T5 sake of clarity of the explanation and drawing, only 
the essential part is illustrated. 

Referring to FIG.4. the integrated circuit of the 
present invention comprises a substrate 51 of the 
n-type or the p-type. and on which bottom surface, 

20 a metallization layer 50 is provided. In the following 
description, it is assumed that the substrate 51 is 
doped to the n-type. In the case that the substrate 
51 is doped to the p-type. the conductive type of 
the semiconductor layers appearing in the drawing 

25 should be reversed. 

On the substrate 51. a first semiconductor lay- 
er 52 of the p-type and having a high resistivity is 
provided and on the first semiconductor layer 52. a 
second semiconductor layer 53 of the n-type is 

30 provided. Further, an isolation layer 54 of the p- 
type is formed in the second semiconductor layer 
53 so as to be surrounded by the n-type semicon- 
ductor material forming the second semiconductor 
layer 53. Further, a conductive region 55 of the n- 

35 type is formed through the first and second semi- 
conductor layers 52 and 53 so as to extend from 
the substrate 51 to the surface of the second 
semiconductor layer 53. 

In operation, the metallized layer 51 is con- 

40 nected to an input terminaJ IN to which a suitable 
voltage is applied, while the isolation region 54 is 
connected to a bias voltage source 56 which ap- 
plies the most negative voltage or the source volt- 
age V EE used in the integrated circuit to the isola- 

45 tion region 54. In response thereto, the p-n junction 
formed between the isolation region 54 and the rest 
of the second semiconductor layer 53 is biased 
strongly in the reverse direction and this reversely 
biased state is maintained during the operation of 

so the integrated circuit. Even when the voltage ap- 
plied to the input terminaJ IN is higher than V EE , the 
reversely biased state is maintained or even en- 
hanced. Thus, a desired source voltage applied to 
the input terminal IN is supplied to the desired 

55 device or devices via a path passing through the 
conductive region 55 without leaking to other re- 
gion in the second semiconductor layer 53. Fur- 
ther, because of existence of capacitance along the 

4 



7 



EP 0 382 504 A2 



8 



boundary between the substrate 51 and the first 
semiconductor layer 52. any fluctuation of the 
source voltage is compensated and the operation 
of the devices in the integrated circuit is stabilized. 

In the case that the substrate 51 is doped to 
the p-type, the region 54 is applied with a highest 
voltage used in the integrated circuit by another 
bias voltage source 56 providing the bias voltage 
with an opposite polarity and the reverse biasing to 
the p-n junction is maintained. 

Next, a first embodiment of the semiconductor 
integrated circuit of the present invention will be 
described with reference to FIG, 5. 

Referring to FIG.5, the device has an n*-type 
substrate 61 of a semiconductor chip 60 having a 
high impurity density with a resistivity of 0.10cm or 
less. A metallized layer (conductive layer) 62 is 
provided on a back surface of the n*-type sub- 
strate 61. A p~-type epitaxial layer (first p-type 
layer) 63 having a high resistivity in the range of 
1 Qcm to 30Qcm is formed on a front surface of the 
n* -type substrate 61. An n~-type epitaxial layer 
(second n-type layer) 64 having a high resistivity is 
provided further on the first p-type layer 63. and a 
p*-type conductive region 65 is selectively formed 
within the n~-type epitaxial layer 64 in continuation 
to the first p-type layer 63. Alternatively, the layer 
63 may be formed by ion implantation. 

Similarly to the case of conventional semicon- 
ductor chip shown in FIG.3 described before, an 
n*-type ; buried layer 66 is formed under the n~- 
type epitaxial layer 64 including a part of the layer 
64. an'n*-type conductive layer or region 67 
formed selectively in a part of the remaining part 
64a of the n"-type epitaxial layer 64 in correspon- 
dence to a location above the buried layer 66 so as 
to continue to the buried layer 66. the remaining 
part 64a of the n~-type epitaxial layer 64 acting as 
the collector of a pnp-transistor Tr formed on the 
chip 60. ; a p-type diffusion layer 68 formed in the 
surface part of the n~-type epitaxial layer 64 as the 
base, and an n*-type diffusion layer 69 further 
defined in the p-type diffusion layer 68 as the 
emitter. . 

The surface of the chip 60 is provided with a 
field oxide layer 70 for device isolation except for 
the area of the chip on which the npn-transistor Tr 
is formed or the area where the p*-type isolation 
region 65 and the n*-type conductive region 67 are 
exposed. In the illustrated example, the transistor 
Tr is isolated by isolation trench structures IS1 and 
IS2 which are of ordinary structure including the 
insulation and poiysilicon. region surrounded by the 
insulation. Description for the structures IS1 and 
IS2 will be omitted. Further, there is provided a U- 
groove 71 on the surface of the chip 60 such that 
the U-groove 71 extends from the surface of the 
chip to the substrate 61 through the layers 64 and 
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65. The side wall of the U-groove 71 is covered by 
an oxide layer which extends in continuation to the 
field oxide layer 70, and the groove 71 is filled with 
an n*-type poiysilicon to form a conductive region 

5 73 which extends from the substrate 61 to the 
surface of the chip 60. 

On the surface of the chip 60, there are pro- 
vided electrodes 74, 75 , 76 and 77 respectively in 
correspondence to the conductive region 73, p - 

w isolation region 65, p-type diffusion layer 68 cor- 
responding to the base, n*-type diffusion layer 69 
corresponding to the emitter, and the conductive 
region 67 connected to the collector contact of the 
transistor Tr. These electrodes are separated from 

75 each other by an insulator film 78 deposited on the 
surface of the chip 60. 

Hence, a conductor path is formed from the 
metallized layer 62 to the surface of the chip 
through the n*-type substrate 61 having the low 

20 resistivity and the n*-type conductive region 73 
and when a source voltage is supplied to the 
matailized layer 62, this source voltage is passed 
to the surface of the chip 60 via the conductive 
region 73. On the surface of the chip 60. various 

25 interconnection patterns 79 are provided and dis- 
tributes the source voltage to the desired terminal 
of the device as will be described later. 

When using the device of FIG.5, the device is 
placed on a stage 100 to which a source voltage 

30 and the like is applied and the electrode 74 cover- 
ing the exposed region of the p -type conductive 
region 65 is applied with a most negative voltage 
V eE used in the device. As a result, the p-n junction 
formed between the region 65 and the n~-type 

as layer 64 surrounding the region 65, or the p-n 
junction formed between the p~-type layer 63 to 
which the region 65 is connected and the n -type 
substrate 61, is always biased reversely and pro- 
hibits the current supplied to the metallized layer 

40 62 from an external voltage source from entering 
into the region above the p~-type layer 63. The p-n 
junction aforementioned is maintained in the re- 
versely biased state as long as the voltage to the 
metallized layer 62 is higher than the voltage V eE 

45 applied to the p -type conductive region and thus, 
any desired voltage satisfying this condition such 
as the source voltage v"cc. which may be the 
ground level voltage, can be supplied to the inter- 
connection patterns 79 at the surface of the chip 60 

so via the stage 100. metallized layer 62. and the 
conductive region 73 without problem of the cur- 
rent leaking into the layer 63 and hence to various 
parts of the integrated circuit 60. 

Associated with the structure of FIG.5, there is 

55 another advantage in that a capacitance is formed 
along the p-n junction between the layer 63 and the 
layer 61 and this capacitance acts as a shunt 
capacitance. Thereby, the capacitance absorbs any 

5 
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fluctuation of the source voltage V C c or V EE . Thus, 
the operation of the device constructed on the 
power supply structure of FIG.5 is immune to the 
fluctuation of source voltage and operates with 
improved stability. 

The oxide layer at the side wail of the U-groove 
71 is provided for increased insulation between the 
region 73 and the surrounding region and may be 
omitted. 

The semiconductor chip 60 having the struc- 
ture shown in FIG.5 is mounted on the stage 100 of 
a package 101 as shown in FIGS.6A and 6B. 
FIGS. 6 A and 6B are plan view and cross-sectional 
view respectively showing the first embodiment of 
the semiconductor integrated circuit according to 
the present invention in a state that the integrated 
circuit is mounted on the package 101. 

In FIGS.6A and 6B, the semiconductor chip 60 
is placed on the stage TOO provided in the package 
101. The stage 100 may be a metallization pro- 
vided on the package 101 and is connected to 
package leads 104 for the power source voltage 
V C c The semiconductor chip 60 is connected elec- 
trically to the package 101 via the metallized layer 
62 in contact with the metallized layer 100 of the 
package 101. Further, terminals 105 for signal input 
and output and terminals 106 for supplying the 
power source voltage V ee are provided on the 
semiconductor chip 70, and these terminals 105 
and 106 are connected to package leads 107 by 
wire-bonding or the like. Note that the terminal 106 
is connected to the electrode 74 covering the p*- 
type region 74 by conductor patterns (not shown) 
on the surface of the chip 60. 

One advantage of the present construction is 
that the distribution of the source voltage V ee to 
various electrodes 73 on the chip does not require 
passage of the substantial current. Thus, such wir- 
ing to the 1 electrode 73 can be achieved by thin 
conductor stripe without causing complexity in wir- 
ing of the chip. 

Accordingly, the power source voltage V C c is 
supplied to the semiconductor chip 60 through the 
package lead 104, the metallized layer 100 and the 
metallized layer 62 while under the reverse bias to 
the p-n junction between the n*-type substrate 61 
and the p~-type layer 63 due to the power source 
voltage V EE applied to the terminal 106 and hence 
to the electrode 74 covering the p^-type region 74, 
and thereby the power source voltage V C c is- 
passed through the n*-type substrate 61 and the 
' n*-type region 73 to the interconnection conductor 
79. Finally, the power source voltage V cc thus 
directed to' the surface, of the chip 60 is distributed 
to the active device such as the ECL circuit or the. 
like within the. : semiconductor chip 60 through the 
interconnection conductor 79. In FIG.6A. intercon- 
nections for supplying the power source voltage 
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V cc to the interconnection conductor 79 at the 
semiconductor chip 60 are shown by a numeral 
108. This interconnection 108 corresponds to the 
electrode covering the exposed surface of the con- 

5 ductive region 73 of FIG.5 to which the intercon- 
nection conductor 79 is connected. 

The interconnections 108 each occupy a small 
area and are scattered in the plan view in FIG.6A in 
a row and column formation in correspondence to 

w the active devices formed on the substrate 61 of 
the chip. Hence, the signal interconnections may 
be provided between the interconnections 108 as 
indicated by arrows 109, and the signal intercon- 
nections may be designed with a large degree of 

75 freedom. The power source voltage V cc is supplied 
from the back surface of the semiconductor chip 

60 in correspondence to the position of the circuit 
which requires the power source voltage Vcc- In 
other words, the power source voltage V C c is sup- 

20 plied to the circuit in a vertical path in the cross 
sectional view. For this reason, it is possible to 
make the interconnection for supplying the power 
source voltage V C c extremely short In addition, 
because the probability of a signal interconnection 

25 intersecting a power source interconnection is con- 
siderably reduced, it is possible to shorten the 
signal interconnection owing to the fact that there is 
less need to make a roundabout route to avoid 
intersecting the power source interconnection. As a 

30 result, it is possible to realize a high-speed circuit 
operation. 

By biasing the p-n junction between the n*- 
type substrate 61 and the p'-type layer 63 by the 
source voltage Ves which is the most negative 
35 voltage used in the integrated circuit, the p-n junc- 
tion is always biased in the reversed direction the 
penetration of current to various active devices 
constructed on the chip directly from the substrate 

61 is positively prevented. In biasing the p-n junc- 
40 tion,* it should be noted that no substantial current 

is needed to flow through conductor pattern con- 
necting the terminal 106 to the electrode 74 on the 
surface of the chip 60, and thereby such conductor 
pattern can be provided by using an extremely thin 

45 conductor stripes. In other words, the provision of 
the conductor pattern for biasing the p-n junction 
does not introduce complexity of wiring on the 
surface of the chip. 

As a result of the construction as such, the 

so voltage supplied to the surface of the chip 60 via 
the metallized layer 62 and the conductive region 
73 is no longer limited to V EE as in the case of the 
prior art of FIG.3 but the source voltage Vcc or any 
other voltage higher than the source voltage V ee 
: 55 may be employed. Thereby, an increased freedom 
of design of the integrated circuit becomes possi- 
ble. 

The resistivity of the conductive path in the 

6 
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semiconductor chip 60 from the metallized layer 62 
to the interconnection conductor 79 through the n*- 
type substrate 61 and the n*-type conductive re- 
gion 73 can be appropriately selected by changing 
the cross sectional area and/or the density of the n- 
type impurity of the conductive path and/or the 
thickness of the n-type layer 73. 

For example, when the cross sectional area s 
of the conductive path is 100 m 2 , the length L of 
the conductive path 5 microns and the resistivity p 
of the conductor path 0.01 Qcm, a resistance R of 
the conductive path becomes R = p(L/s) = 5G. In 
this case, the voltage drop due to a current of 1 
mA is 5 mV. In addition, when the n*-type sub- 
strate 61 has a size of 5 mm by 5 mm and a 
thickness t of 0.5 mm and a resistivity of 0.01 Qcm, 
a voltage drop V for the case where a current I of 1 
A flows in total may be described by V = Rl » p- 
(t/s)l. Hence, this voltage drop V is approximately 2 
mV. Therefore, a total voltage drop is approxi- 
mately 7 mV which is considerably small compared 
to the conventional case where the total voltage 
drop would be 50 mV or more. 

The connection of the semiconductor chip 60 
to the package 101 is made by die-bonding the 
semiconductor chip 60 on the stage 100. Thus, the 
power source voltage V cc can be stably supplied to 
the semiconductor chip 60 without wire-bonding. 

The problem of electromigration will not occur 
because the length of the metal interconnection 79 
for the power source voltage V cc can be made 
short and the current density can be held small. 

It is possible to realize a large scale integrated 
(LSI) circuit having a higher density because the 
number of power source interconnections extend- 
ing horizontally are reduced. Furthermore, the re- 
liability of the semiconductor integrated circuit is 
improved because of the reduced number of levels 
of interconnections. 

Since the n*-type substrate 61 has the high 
impurity density, it is possible to prevent the n-type 
substrate from being transformed into the p-type 
due to oxygen and carbon which are included in 
the silicon substrate when the substrate is sliced 
from an ingot grown by the Czochralski method. 

FIG.7 is a circuit diagram showing an ECL 
circuit within the semiconductor chip 60. In FIQ.7, 
transistors Tr1, Tr2, Tr3, Tr4 and resistors R1. R2 
and R3 are connected as shown. denotes the 
most negative power source voltage, V B8 and Vcs 
denote reference voltages, GND denotes the 
ground voltage, IN denotes an input of the ECL 
circuit, and OUT denotes an output of the ECL 
circuit. 

FIG.8 shows, in an enlarged scale, a plan view 
of the interconnections for realizing the ECL circuit 
shown in FIG.7 using the first embodiment of the 
semiconductor integrated circuit shown in FIG. 5. In 
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FIG.8, those parts which are the same as those 
corresponding parts in FIGS.5, 6A, 6B and 7 are 
designated by the same reference numerals, and 
description thereof will be omitted. In FIG.8, the 

5 interconnections are shown with hatchings. B, E 
and C respectively denote the base, emitter and 
collector of the transistors Tr1 through Tr4. 

Next, the process of fabricating the integrated 
circuit of FIG.5 will be described with reference to 

w FIGS.9A - 9E. In these drawings, these parts al- 
ready described with reference to preceding draw- 
ings are given identical reference numerals and the 
description thereof will be omitted. 

In a step of FIG.9A, a part of the p"-type layer 

is 63 on the n*-type substrate 61 is selectively sub- 
jected to ion implantation and a part of the buried 
layer 66 as well as a part of the n*-conductive 
layer 67 are formed. In a step of FIG.9B, the n~- 
type layer 64 is grown on the layer 63 and thereby, 

20 the dopants in the already existing part of the layer 
66 and the layer 67 are diffused into the layer 64. 
As a result, the buried layer 66 and the conductive 
region 67 are formed. 

In a step of FIG.9C, a U-groove 71 is formed 

25 on the surface of the chip so as to extend through 
the layers 64 and 63 up to the substrate 61, and 
the structure is subjected to a thermal oxidation 
process. In response to the thermal oxidation, the 
oxide layer 72 is formed on the side wall of the U- 

30 groove 71 including the free surface. Further, the 
structure thus obtained is subjected to an etching 
process wherein a part of the oxide layer 72 at the 
bottom of the U-groove 71 as well as the part 
covering the free surface of the structure are re- 

35 moved. With this, a structure shown in FIG.9D is 
obtained. 

Next, in a step of FIG.9E. the U-groove 71 is 
filled by a doped poly silicon 73 doped to the n*- 
type which may be deposited by a CVD process. 

40 After removing superfluous polysilicon (not shown) 
on the surface of the structure of FIG.9E, the 
structure of FIG.9E is obtained. 

Further, another U-grooves U1 and U2 are 
formed on the surface of the structure of FIG.9E to 

45 form a structure shown in FIG.9F, and the grooves 
U1 and U2 are filled by polysilicon as shown in 
FIG.9G. Next, the region 65 is formed by ion im- 
plantation followed by heat treatment and the struc- 
ture shown in FIG.9H is obtained. On this structure, 

50 the field oxide layer 70 is provided as usual, and 
the npn-transistor Tr of FIG.5 is formed according 
to the well established process. 

FIG. 10 shows a second embodiment of the 
semiconductor integrated circuit according to the 

55 present invention. In FIG. 10. these parts identical to 
those corresponding parts described previously 
with reference to preceding drawings are given 
identical reference numerals and the description 

7 
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thereof will be omitted. 

In the structure of FIG. 10 showing a chip 60a, 
an n*-type conductive region 73a is provided in 
place of the conductive region 73. This region 73a 
is formed by ion implantation and annealing re- 
peated each time the layers 63 and 64 are grown 
as will be described. As the region 73a is formed 
by ion implantation, the conductive region 73a is 
not surrounded by the insulating side wall 72, and 
the voltage : such as Vcc at the bottom of the chip 
60a is passed to an electrode 79a at the top of the 
chip 60a. 

In this embodiment in place of the p -type 
conductive region 65, a U-groove 65a extending 
from the surface of the layer 64 to the layer 63 is 
formed. An! oxide layer 71a is formed on the side 
wall of this groove 65a, and the groove is filled by 
a p*-type poly silicon 65b. On the exposed top 
surface of the polysilicon region 65b. an electrode 
74a corresponding to the electrode 74 of FIG.5 is 
provided and through this electrode 74, the source 
voltage V EE is applied. In response to the source 
voltage V EE> the p-n junction at the boundary be- 
tween the substrate 61 and the p~-type epitaxial 
layer 63 is biased reversely and penetration of the 
current to the region under the transistor Tr5 is 
prevented. ! 

In this construction, there is another npn tran- 
sistor Tn3 of which collector is connected to an n - 
type region 73b provided in continuation to the n - 
type substrate 61 . Thus, the source voltage V C c is 
supplied directly to the collector of the transistor 
Tr6 through: the conductive region 73b. 

Next, the process of fabricating the integrated 
circuit of FIG. 10 will be described with reference to 
FIGs.HA 11E. In these drawings, those parts 
identical to the parts already described with refer- 
ence to preceding drawings are given identical 
reference numerals and the description thereof will 
be omitted. ; 

In a first step of FIG.11 A. a layered structure 
comprising the substrate 61, the p~-type epitaxial 
layer 63, the n"-type epitaxial layer 64, the n*-type 
conductive regions 73a and 73b, and the buried 
layer 66 is formed. Next. U-grooves 65a, U1 and 
U2 are formed such that each of the grooves 
extend from the surface of the structure to the 
layer 63. The grooves U1 and U2 are formed at 
both lateral ends of the buried layer 66 and all of 
the grooves have side walls covered by an oxide 
insulator layer. 

In the step of FIG.11C, the insulator layer at 
the bottom of the groove 65a is removed, and in 
the step of FIG.11D, a polysilicon doped to the p*- 
type is deposited such that the grooves 65a t U1 
and U2 are filled by the polysilicon. Thereby, the 
conductive region 65b is formed. 

Further, ion implantation is made to the epitax- 



ial layer 64 in correspondence to the conductive 
region 73a and after annealing, another diffusion 
region 73c of the n*-type is formed in continuation 
to the region 73a. Further, various devices such as 

5 the npn-transistors Tr5, Tr6 and the like are pro- 
vided on the surface of the epitaxial layer 64 by 
well known process. 

Further, the present invention is not limited to 
these embodiments described heretofore but var- 

70 ious variations and modifications may be made 
without departing from the scope of the present 
invention. 



75 Claims 

1. A semiconductor integrated circuit compris- 
ing a substrate (51) of a first semiconductor type 
doped by a first impurity element with a first impu- 

20 rity density, said first semiconductor type being 
one of p-type and n-type semiconductors, a con- 
ductive layer (50) formed on a back surface of said 
substrate. 

characterized by a first layer (52) of a second 

25 semiconductor type doped by a second impurity 
element different from the first impurity element 
and formed on a front surface of said substrate, 
said second semiconductor type being the other of 
the p-type and n-type and said first layer having a 

30 second impurity density lower than the first impu- 
rity density, a second layer (53) of the first semi- 
conductor type formed on said first layer for for- 
ming circuit elements therein, a first region (54) of 
the second semiconductor type extending from a 

35 top surface of said first layer and reaching a top 
surface of said second layer, and a second region 
(55) of the first semiconductor type extending from 
a top surface of said substrate and reaching the 
top surface of said second layer, said first layer 

40 and said second region forming a conductive path 
for supplying a power source voltage to the circuit 
elements in said second layer from the back sur- 
face of said substrate. 

2. A semiconductor integrated circuit as 
45 claimed in claim 1 characterized in that said first 

region (54) has an impurity density higher than that 
of the first layer (52). 

3. A semiconductor integrated circuit as 
claimed in claim 1 characterized in that said see- 
so ond region (55) has an impurity density approxi- 
mately equal to that of the substrate (51). 

4. A semiconductor integrated circuit as 
claimed in claim 1 characterized in that said first 
region (65b) is surrounded laterally by an insulator 

55 layer (65a). 

5. A semiconductor integrated circuit as 
claimed in claim 1 characterized in that said sec- 
ond region (73) is surrounded laterally by an in- 
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sulator (72). 

6. A semiconductor integrated circuit as 
claimed in claim 1 characterized in that the semi- 
conductor integrated circuit further comprises bias- 
ing means (56. 56 ) connected to the first region 
(54) at the top surface of the second layer (53) for 
maintaining a p-n junction formed between the sub- 
strate (51) and the first layer (52) in a reverse 
biasing state, and said conductive layer (51) is 
adapted for connection to a voltage source. 

7. A semiconductor integrated circuit as 
claimed !in claim 6 characterized in that said first 
semiconductor type is the n-type. said second 
semiconductor type is the p-type, said biasing 
means applies (56) a first predetermined voltage 
(V EE ) set to the lowest voltage used in the semicon- 
ductor integrated circuit to the first region (54). 

8. A semiconductor integrated circuit as 
claimed in claim 7 characterized in that said circuit 
element formed in the second layer comprises an 
npn transistor (Tr), and the semiconductor inte- 
grated circuit further has an interconnection struc- 
ture (79), at the top surface of the second layer (64) 
for connecting the second region (73) to a collector 
of the npn transistor so as to supply a second 
predetermined voltage, supplied to the second re- 
gion from a voltage source through the conductive 
layer and the substrate, to the collector as a source 
voltage (V cc ) . 

9. A semiconductor integrated circuit as 
claimed in claim 8 characterized in that said first 
predetermined voltage supplied to the first region 
(54) by the biasing means (56 ) is set to a second 
source voltage (V EE ) lower than the first source 
voltage (V cc ). 

10. A semiconductor integrated circuit as 
claimed ! in claim 6 characterized in that said first 
semiconductor type is the p-type, said second 
semiconductor type is the n-type, said biasing 
means (56 ) applies a first predetermined voltage 
set to the highest voltage (V EE ) used in the semi- 
conductor integrated circuit to the first region at the 
surface of the second layer. 

11. A method of fabricating a semiconductor 
integrated circuit comprising a layered semicon- 
ductor body including a path for supplying an elec- 
tric current from a rear side of the layered semi- 
conductor body to an active device on a front side 
of the layered semiconductor body through the 
layered semiconductor body, comprising steps of 
of providing a substrate (61) of a first semiconduc- 
tor type, providing a first layer (63) of a second 
semiconductor type on the substrate so that there 
is formed a p-n junction between the substrate and 
the first layer, providing a second layer (64) of the 
first semiconductor type on the first layer, 
characterized in that the method further comprises 
steps of providing a groove (71) such that the 



groove extends from a top surface of the second 
layer to the substrate through the first layer, filling 
the groove with a semiconductor material (73) hav- 
ing the first semiconductor type, so that a path of 

5 electric current is established from the substrate to 
the top surface of the second layer, and providing 
a region (65) of the second semiconductor type in 
a part of the second layer different from the part 
where the groove is formed such that the region 

w reaches the first layer. 

12. A method as claimed in claim 11 character- 
ized in that the method further comprises a step of 
providing an insulator layer (72) on a side wall of 
the groove (71) prior to the step of filling the 

75 groove by the semiconductor material (73). 

13. A method of fabricating a semiconductor 
integrated circuit comprising a layered semicon- 
ductor body including a path for supplying an elec- 
tric current from a rear side of the layered semi- 

20 conductor body to an active device on a front side 
of the layered semiconductor body through the 
layered semiconductor body, comprising steps of 
providing a substrate (61) of a first semiconductor 
type, providing a first layer (63) of a second semi- 
25 conductor type on the substrate so that there is 
formed a p-n junction between the substrate and 
the first layer, forming a first region (73a) of the 
first semiconductor type in the first layer, providing 
a second layer (64) of the first semiconductor type 
30 on the first layer including the first region. 

characterized by steps of providing a groove (65a) 
on the second layer such that the groove extends 
from a top surface of the second layer to the first 
layer, filling the groove by a semiconductor ma- 
ss terial (65c) of the second semiconductor type, and 
forming a second region (73c) of the first semicon- 
ductor type in the second layer in correspondence 
to the first region with an impurity density higher 
than that of the second layer such that the first 
40 region and the second region are connected. 

14. A method as claimed in claim 13 character- 
ized in that the method further comprises a step of 
providing an insulator layer (65b) on a side wall of 
the groove (65a) prior to the step of filling the 

45 groove. 
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© Semiconductor integrated circuit having interconnection with Improved design flexibility. 



© A semiconductor integrated circuit comprises a 
substrate (51) of a first semiconductor type doped 
by a first impurity element with a first impurity den- 
sity, the first semiconductor type being one of p- 
type and n-type semiconductors, a conductive layer 
(50) formed on a back surface of the substrate, a 
first layer (52) of a second semiconductor type dop- 
ed by a second impurity element different from the 
first impurity element and formed on a front surface 
of the substrate, the second semiconductor type 
being the other of the p-type and n-type semicon- 
ductors and the first layer having a second impurity 
density lower than the first impurity density, a sec- 
ond layer (53) of the first semiconductor type formed 
on the first layer for forming circuit elements therein, 
a first region (54) of the second semiconductor type 
extending from a top surface of the first layer and 
reaching a top surface of the second layer, and a 
second region (55) of the first semiconductor type 
extending from a top surface of the substrate and 
reaching the top surface of said second layer, the 
first layer and the second region forming a conduc- 
tive path for supplying a power source voltage to the 



circuit elements in the second layer from the back 
surface of the substrate. 
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